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The increasing risk of Lyme disease in Canada
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Kateryn Rochon, Tim Lysyk, L. Robbin Lindsay, Nicholas Hume Ogden

Abstract — There is an increasing risk of Lyme disease in Canada due to range expansion of the tick vector, Ixodes
scapularis. The objectives of this article are to i) raise public awareness with the help of veterinarians on the emerging
and expanding risk of Lyme disease across Canada, ii) review the key clinical features of Lyme disease in dogs, and
iii) provide recommendations for veterinarians on the management of Lyme disease in dogs.

Résumé — Risque accru de maladie de Lyme au Canada. Il existe un risque grandissant de maladie de Lyme
au Canada en raison d’un élargissement de la portée de la tique vectrice, Ixodes scapularis. Les objectifs du présent
article consistent a i) rehausser la sensibilisation du public avec I'aide des vétérinaires quant au risque émergent et
grandissant de la maladie de Lyme au Canada, ii) examiner les principales caractéristiques cliniques de la maladie
de Lyme chez les chiens et iii) présenter des recommandations aux vétérinaires pour la gestion de la maladie de

Lyme chez les chiens.
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Lyme disease risk in Canada

L yme disease (LD) is the most common tick-borne disease
affecting human and dog health in North America and
Europe (1). In most human cases, LD presents as a non-specific
flu-like illness frequently with a characteristic skin lesion known
as erythema migrans (2). If left untreated, the disease can
progress to arthritic, cardiac, and neurological manifestations.
In dogs, clinical disease is a less common outcome of infection
than in humans and usually presents as one or more of: fever,
anorexia, depression, lethargy, lameness, joint swelling, arthri-
tis, and lymphadenopathy. Nephropathy can also occur in the
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(Traduit par Isabelle Valli¢res)

more advanced stages of the disease in dogs, although this is
uncommon (3).

In Canada, the agent of LD is the spirochete Borrelia
burgdorferi sensu stricto, which is transmitted by the bite of
ticks in the genus Ixodes. Ixodes scapularis, the blacklegged tick,
is the main vector in eastern and central North America and
Ixodes pacificus, the western blacklegged tick, is the main vector
west of the Rocky Mountains (2).

Recent studies suggest that LD is an emerging health risk
in southeastern and south central Canada, mostly due to the
increasing geographic range of /. scapularis (2,4-7). Ixodes
scapularis feeds on a broad range of animal species including
rodents, birds, medium- and large-sized mammals, and reptiles,
and also humans (8). Immature (larval and nymphal) ticks
become infected by feeding on wild animal reservoirs (par-
ticularly rodents such as the white-footed mouse, Peromyscus
leucopus) and are capable of transmitting infection to humans or
animals after they molt into nymphs or adults. The tick season
in Canada is typically from the spring snow melt to late autumn,
although different life-cycle stages are active at different times
of the year, and onset and end of activity can vary among years
and localities. In most cases, ticks must attach and feed for 24 to
48 h before B. burgdorferi transmission occurs (9,10).

In southern parts of the country, the incidence of reported
LD cases in humans has been increasing, particularly in south-
ern parts of Ontario, Quebec, Manitoba, and in locations in
Nova Scotia. In 2004, there were an estimated 40 reported
human cases of LD in Canada (11); this number rose to
682 reported human cases in 2013 (unpublished data). The
incidence of clinical cases of LD in dogs in Canada is unknown.
The seroprevalence of B. burgdorferi in dogs in Canadian prov-
inces ranged from 0.00% to 2.15% (average 0.72%) according
to a study in 2008 (12). It was assumed that 2/3 of positive
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Figure 1. Surveillance for Lyme disease risk areas, and tick vectors in eastern and central Canada based on different surveillance
systems: A — Active surveillance sampling sites visited from 2003 to 2012: site locations that were sampled are delimited by grey lines
(buffer of 25 km created around each site) and the sites with at least 1 /. scapularis tick found are represented following a colored
gradient and quintile classification (darker areas indicating higher numbers of sites with ticks). B — The geographic distribution of

I. scapularis ticks submitted from dogs based on the probable locations of acquisition, 1991 to 2012: the locations with ticks submitted
are represented following a green gradient and quintile classification (darker green areas indicate higher numbers of locations with ticks
submitted). C — The geographic distribution of /. scapularis ticks submitted from humans based on the probable locations of acquisition,
1991 to 2012: the locations with ticks submitted are represented following a brown gradient and quintile classification (darker brown
areas indicate higher numbers of locations with ticks submitted).
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Figure 2. Lyme disease risk areas (hatched areas) where surveillance and research studies (risk mapping in BC: http://www.bccdc.ca/
NR/rdonlyres/A07283DB-A709-4494-BFD5-E2AB7ED2724C/0/Lyme_Disease_Risk_Areas_Map_BC_June_2013.pdf) suggest ticks

and B. burgdorferi have become established.

test results were associated with infections acquired in Canada,
rather than being travel-acquired in LD risk areas outside the
country. The low seroprevalence in Canada [in LD risk areas in
the USA, seroprevalence is typically > 10% (13)] likely reflects
the early stage of emergence of LD in Canada in 2008.

This article focuses on i) the environmental drivers of LD,
ii) the geographic distribution and variation of LD risk areas in
Canada, iii) the key clinical features and diagnostic options for
detection of LD in dogs, and iv) recommendations for treatment
and prevention of LD in dogs. Veterinarians across the country
can play an important role in raising public awareness about
ticks and the pathogens they transmit.

Environmental drivers

According to previous Canadian studies, the pattern of LD
risk emergence and expansion is mostly shaped by the follow-
ing environmental drivers: i) introduction of 7. scapularis and
B. burgdorferi by migratory birds (13-15); ii) climate conditions
and climate warming that affect tick survival, activity, seasonal-
ity, and development (16,17); iii) habitat conditions that are
suitable for host and tick populations (13,18,19); iv) density
of B. burgdorferi reservoirs (e.g., the white-footed mouse,
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Peromyscus leucopus) (7,20); v) density of deer populations,
which drives the density of local vector populations (21,22);
and vi) biodiversity of hosts and other community components
affecting the B. burgdorferi transmission cycles (13,22,23).

In Canada, humans and animals are usually exposed to tick
bites in deciduous woodlands, but also coniferous woodlands
in the Maritimes (Lindsay, unpublished data) and elsewhere in
the range of blacklegged ticks (24). Woodland habitats favor
the survival of ticks by providing refuge from weather extremes,
suitable hosts, and a microclimate suitable for survival and
host-seeking (16). Host-secking ticks climb woodland under-
growth vegetation and stretch out their forelegs to better “sense”
potential hosts. However, pets and humans can also be exposed
(albeit at lower frequencies) in urban and suburban settings
(e.g., parks and gardens) due to ticks dispersed out of LD risk
areas in woodlands by migratory birds (so-called “adventitious”
ticks). These ticks pose a low-level but geographically widespread
potential risk of exposure to LD-infected ticks.

Geographic distribution of LD risk areas

Canadian studies have used analysis of active field and passive
tick surveillance data to identify expansion of the geographic
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range of [. scapularis and emerging LD risk areas. Active field
surveillance involves collecting ticks directly from the environ-
ment using drag sampling or capture of rodent hosts (11).
Passive tick surveillance involves collecting ticks submitted from
animals or humans through participating veterinary and medical
clinics (5,11). In Canada, LD-endemic areas are locations where
transmission of B. burgdorferi by resident populations of vector
ticks has been confirmed by active surveillance (25). The num-
ber of documented endemic areas in which 1. scapularis is the
vector has increased from 1 location in Ontario in the 1970s, to
22 locations in 2014 in New Brunswick, Nova Scotia, Quebec,
Ontario, and Manitoba, although the extent of likely risk areas
(i.e., locations where a field study has found ticks) is much wider
(Figure 1A) (11). Based on field surveillance data from 636 loca-
tions visited from 2003 to 2012, there are 3 regions with higher
risk for LD across the country: i) southern Manitoba, ii) south-
ern and eastern Ontario, and southern Quebec, and iii) parts of
Nova Scotia and southern New Brunswick (Figure 1A). More
details on the methodology for active sampling and the level of
effort can be found in published studies (6,11,26).

Passive tick surveillance from 1991 to 2012 indicates
the likely locations where ticks were acquired by pet dogs
(Figure 1B) and humans (Figure 1C): a total of 16 288 I scapu-
laris ticks were collected from dogs and 9715 ticks were col-
lected from humans. Ixodes scapularis ticks were found on dogs
across Canada, from Newfoundland and Labrador to Alberta
(Figure 1B). These maps show that the risk of dogs acquiring
1. scapularis ticks is similar to that for humans (Figure 1C) and
corresponds mostly to locations in which active surveillance
has shown evidence of tick populations. However, because dogs
are particularly effective at acquiring adventitious ticks (19),
the geographic range of ticks collected in passive surveillance
by veterinarians is wider than that of known reproducing tick
populations (Figure 1B). Nevertheless, the regions with the
highest risk of exposure to . scapularis ticks for pets and humans
are the southern parts of Manitoba, Quebec, and Ontario, and
parts of the Maritimes.

In contrast, /. pacificus ticks are distributed widely through-
out southern and central British Columbia (27). However, for
several ecological reasons, the prevalence of B. burgdorferi in
host-seeking 1. pacificus ticks is relatively low (2). As a result,
the probability of acquiring LD where 1. pacificus ticks are
the vector is much lower than the risk of acquiring LD where
I. scapularis is the vector.

Geographic variation of LD risk

A range of landscape, climatic, and environmental factors
have to converge for the co-existence of hosts, vectors, and
transmission cycles of B. burgdorferi within a suitable habitat,
and outside these broad limits significant LD risk cannot occur
(28). However, these generalizations can break down on a fine
geographic scale producing areas of uncharacteristically high or
low environmental risk for LD. In Canada, the prevalence of
B. burgdorferi in I. scapularis ticks varies regionally but is usually
greater than 15% (sometimes reaching over 50%). Prevalence
of infection may be less than 10% in locations where ticks
and bacterium have only recently become established (29).
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Table 1. Key clinical and diagnostic features to consider for
possible LD in dogs

Clinical features Description

i) Clinical signs consistent
with LD

* Approximately 5% of dogs exposed
to infected ticks develop clinical LD

* Most common clinical signs: fever,
anorexia, depression, lethargy, sudden
or recurrent lameness, joint swelling,
myalgia, arthritis, and

lymphadenopathy

* Clinical signs appear 2 to 5 mo after
exposure

* Lyme nephritis, including immune-
mediated glomerulonephritis and
protein-losing nephropathy, can occur
in later stages of the disease and more
frequently in certain breeds of dogs
(i.e., Labrador and golden retriever)*

ii) Credible evidence of * Based on dog’s history of activity in
exposure to infected Ixodes locations where exposure to Ixodes
tick(s) ticks is possible

iii) Positive laboratory tests * Most serological tests are not able to
distinguish between active infection

and exposure

* Antibodies can be detected in dogs
between 3 and 5 wk after exposure to
infected ticks and serological tests can
remain positive for months and even
over a year after infection (30,35)"

iv) Elimination of other
differential diagnoses

* Many of the signs seen with LD could
be due to other diseases [see algorithm
in Littman et al (30)]

* A decision flowchart for Lyme positive
dogs and treatment recommendations
can be found in Littman et al (30) and
clinical veterinary medicine textbooks

v) Response to treatment®

* Less than 2% of seropositive dogs develop this disease with lameness reported in
9% to 28% of such cases (3); the conclusive involvement of B. burgdorferi has not
been proven (37).

b See further details in Diagnostic options section.

¢ Some dogs with lameness due to other causes may respond to doxycycline
treatment due to the drug’s anti-inflammatory properties (30).

The prevalence of B. burgdorferi is typically less than 10% in
I pacificus ticks found in southern British Columbia (2).

There is an estimated 5-year delay between I scapularis
population establishment and B. burgdorferi establishment in
southeastern Canada, but, due to particularities of the ecology
of I scapularis, this delay may be as short as 1 y in south central
Canada (29). The percentage of infected ticks, therefore, is likely
to increase with geographically variable rapidity in the years
following establishment of 1. scapularis tick populations in the
south central and southeastern parts of Canada.

Key clinical features of LD in dogs

Clinical signs

Unlike humans, infection of dogs by B. burgdorferi infrequently
results in clinical disease. Only about 5% of dogs develop clini-
cal signs of LD when exposed to B. burgdorferi (30,31); the most
common clinical signs in dogs are presented in Table 1. In other
animals such as cats, horses, and cattle, serological responses to
B. burgdorferi have been detected but the spectrum of clinical
disease is less clearly defined for these species (32-34).
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Diagnostic options

In dogs, confirmation of clinical LD through laboratory testing
can be challenging (30,31,35); therefore, it is recommended that
a LD diagnosis be based on 5 key criteria (Table 1).

The most common diagnostic test used to help confirm
infection with B. burgdorferi is detection of specific antibodies
to B. burgdorferi in serum. The serological assays are highly
sensitive and specific, although detection of antibodies cannot
be used to differentiate active infection from previous exposure
to B. burgdorferi (30,31,35). Outcomes of serological testing
need to be interpreted with care when the patient is from an
area with low risk of exposure to B. burgdorferi-infected ticks,
as false positives are likely to occur in this situation, leading to
overdiagnosis (35,306).

One of the most commonly used serological tests is the C6
enzyme-linked immunosorbent assay (ELISA) which detects
IgM and IgG antibodies circulating in the blood, and does not
cross-react with antibodies generated in vaccinated animals;
C6 antibody responses typically occur 3 to 5 wk following
experimental infection in dogs (31,35). A quantitative C6 assay
is also available which measures the amount of antibody to
the B. burgdorferi C6 peptide circulating in the animal tested;
declines in C6-specific antibodies following antibiotic treatment
in dogs have been used as evidence of successful treatment in
clinically ill dogs (35,37). Other less-used serological tests
include whole cell ELISA, immunofluorescent antibody assays
(IFA), and Western blotting. Whole-cell ELISA and IFA can
give false-positive results, particularly when a dog has another
spirochete infection, an inflammatory condition or has previ-
ously been vaccinated for LD (31,35,38). Western blot, which is
commonly used in human medicine as a confirmatory test, has
been used to differentiate natural infection and immunization
response in dogs, but is more time consuming to complete and
requires expertise to interpret, and therefore is not often used
for standard diagnostic purposes in pets (31,35,38).

Other diagnostic testing that may or may not aid in clinical
LD diagnosis include, but are not limited to, polymerase chain
reaction (PCR), culture, complete blood (cell) count (CBC),
biochemistry, and synovial fluid cytology. Multiple irregu-
larities can be found on CBC and biochemical testing in dogs
with Lyme nephropathy. However, other than proteinuria, the
findings are highly variable and non-specific (35). Culture of
B. burgdorferi from tissue or blood is the gold standard test for
confirming B. burgdorferi infection; however, it has low sensitiv-
ity, requires long incubation periods (up to 6 to 8 wk), and is
typically only used in research settings (30,31,35). The sensi-
tivity and specificity of PCR testing in dogs are poorly defined
and test performance characteristics in different diagnostic
laboratories can vary. Also, PCR does not distinguish between
viable and non-viable spirochetes (30,31,35). Contact your local
animal health laboratory representative for more details on the
test performance characteristics for the different LD diagnostic
testing options mentioned here.

Treatment recommendations

According to the consensus statement of the American College
of Veterinary Internal Medicine (ACVIM), treatment should
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only be initiated in dogs displaying clinical signs consistent
with LD, with evidence of exposure to LD risk areas and sup-
port from diagnostic laboratory tests (30) (Table 1). Treatment
is also recommended in dogs with subclinical infections that
are proteinuric. The standard treatment for LD in dogs is
antibiotic therapy such as doxycycline for a minimum of 1 mo
[10 mg/kg body weight (BW), PO, q24h] (31), although dogs
with presumptive Lyme nephropathy may require longer courses
of treatment (30). In young dogs, amoxicillin at 20 mg/kg BW,
PO, q8h for 30 d may be used (31). Dogs will usually respond
to treatment within a few days, provided infection is detected
in the acute phase. However, in some cases, signs may return,
and further treatment may be required (35,38).

Preventive measures
Since there is great regional variability in LD risk across the
country and within each province, preventive measures should
be encouraged where appropriate; recommendations for tick
control should take into account the observed timing of infes-
tations on pets in your practice area. Depending on the dog’s
activity and exposure to LD risk areas, pet owners should be
advised of the following preventive measures:

i) If possible, avoid high-risk areas during tick season (usually
from spring snow melt to late autumn).

ii) Check for ticks daily and promptly remove ticks after being
in high-risk areas.

iii) Peridomestic risk of exposure can be lowered by using a
number of landscape management practices (e.g., removal
of leaf litter, reduction of vegetative cover, and exclusion of
wildlife using fences or other barriers) (39).

iv) Routine use of acaricides (topical and oral anti-tick prod-
ucts, collars) when regularly exposed to high-risk areas.
Some anti-ectoparasite products (e.g., those containing
permethrin) are effective and safe for dogs but toxic for
cats. The efficacy and safety of available anti-tick products
vary and should be taken into consideration when choos-
ing an appropriate product for pets. Refer to the specific
safety and efficacy information available for each product
and always follow the instructions for use provided on the
product label.

v) Routine vaccination when animals are regularly exposed
to high-risk areas (available for dogs only); however, at
present, the benefits of vaccinating dogs for Lyme disease,
even in endemic areas, are debated (3). Some experts have
concerns that since Lyme nephropathy has an immune-
mediated pathogenesis, vaccination may increase the risk
of generation of immune complexes and thus the risk of
Lyme nephropathy in dogs predisposed to this condi-
tion (30,40,41). Multiple brands of vaccine to the outer
surface proteins of Borrelia burgdorferi (OspA & OspC)
are available for use in dogs; contact your pharmaceutical
representatives for specific safety and efficacy information
and recommendations.

In conclusion, veterinarians are a potentially key source of
information for the public on the risk of Lyme disease and ticks.
Dogs are often more exposed to ticks than are humans, and
sero-positive dogs are typically detected sooner and in higher
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numbers than human LD cases in emerging LD risk areas
(42). Dogs may therefore be sentinels for early identification
of emerging LD risk areas, allowing prompt implementation
of activities to prevent human infections. Veterinarians can,
therefore, play an important public health role in raising LD
risk awareness.

Assessing risk in zones of emerging LD and endemic zones is
challenging. The combination of active and passive surveillance
systems has revealed increasing risk of LD in south eastern and
south central Canada. However, the risk of infection can vary
greatly across these regions. Veterinarians can use this informa-
tion, as well as practice data and travel history, to adequately
prevent/manage tick bites and LD cases in dogs. Information
on regional, provincial, and federal public health organiza-
tion websites (e.g., http://www.phac-aspc.gc.ca/publicat/ccdr-
rmtc/14vol40/dr-rm40-05/index-eng.php) provides the most
up-to-date information on LD risk areas in Canada.

Key points

* There is an increasing risk of Lyme disease in Canada
following the expansion of the tick vector 1. scapularis in
southeastern and south central Canada.

* Lyme disease can affect the health of both humans and
dogs — it is important that veterinarians be aware of
the risk of Lyme disease for their patients as well as their
owners.

* Dogs are more likely to be bitten by ticks but less likely to
develop clinical signs of Lyme disease when compared to
humans.

* Surveillance systems help to identify where the emerging
and expanding Lyme disease risk areas are.

e The prevalence of B. burgdorferi infection in ticks var-
ies across the country, being mostly greater than 15% in
1. scapularis ticks and less than 10% in 1. pacificus ticks.

e Prevention of Lyme disease is best accomplished through
avoidance of ticks; frequent checks for ticks with prompt
removal of attached individuals, routine use of tick-bite
prevention products and potentially vaccination.

e Diagnosis of LD in dogs should be based upon clinical
presentation, history of exposure to ticks and/or LD risk,
and diagnostic testing results; treatment should be restricted
to animals that present both clinical manifestations and
diagnostic test results consistent with LD.
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